Echocardiographic examinations were performed in 60 professional bicyclists and control subjects to determine the effects of exercise on left ventricular hypertrophy and function. The athletes were separated by age into three groups: group I (n = 14), 20-29 years; group 2 (n = 17), 30-39 years; and group 3 (n = 29), 40-49 years.
TRAINED ATHLETES often have bradycardia, systolic murmurs, radiographic evidence of cardiac enlargement, and a variety of electrocardiographic alterations.'-3 However, there has been controversy as to whether the athlete's heart is diseased, because the athletes usually do not have symptoms and remain active. Echocardiography provides a noninvasive and sensitive means of assessing cardiac dimension and function,4-7 and studies in relatively younger athletes have been reported.8 '3 However, few reports have noted the long-term effects of exercise on left ventricular hypertrophy and function in both young and middle-aged athletes. We used echocardiography to determine a pattern of hypertrophy and left ventricular function in professional bicyclists who had been under continuous training from youth to middle age.
Materials and Methods
Sixty well-trained, active, professional, male Japanese bicyclists, ages 20-49 years, were studied. These athletes lived in the same district where these studies were undertaken. From the ages of 18-20 years they cycled about 100 km daily. These amateurs turned professional at about age 20 years and from then until 30 years of age they cycled daily for 3 hours in the morning and 1-2 hours in the afternoon. During this time each athlete averaged 100 km a week. In those older than 30 years there was only a 1-hour decrease in the cycling per day. In those older than 45 years the cycling was limited to 1-2 hours daily. They exercised about 4-5 days per week. All these cyclists competed in races in Japan 8-12 times per month all year. The athletes had no apparent history of congenital heart disease, rheumatic heart disease or hypertension. These subjects were separated into three groups according to age: group 1 (n = 14), 20-29 years; group 2 (n = 17), 30-39 years; group 3 (n = 29), 40-49 years.
Duration of athletic history was 5 ± 3 years (mean ± SD) in group 1, 14 ± 4 years in group 2 and 27 ± 2 years in group 3. The mean body surface areas were 1.83 ± 0.09 m2, 1.81 ± 0.08 m2 and 1.78 ± 0.10 m2n, respectively. Control groups included 35 age-matched sedentary males. The mean body surface areas were 1.69 ± 0.15 m2n, 1.72 ± 0.15 m2n, and 1.63 ± 0.05 m2, respectively (table 1) .
Cardiac physical examination was performed by physicians to ensure that the subjects had no apparent heart disease, and recumbent blood pressure was recorded at rest. Chest x-ray films were obtained in all subjects, and the cardiothoracic ratio and heart volume'4' 15 were calculated. Standard 12-lead ECGs were recorded, and right and left ventricular hypertrophy was diagnosed according to the criteria of Sokolow and Lyon. '8' 17 Echocardiograms were obtained with an Aloka SSD 90 instrument, using a 2.25-MHz transducer 1 cm in diameter. High-quality recordings satisfactory for analysis were made on an ECO-125A strip-chart recorder from different areas in the routine manner."8' 19 Subjects were examined in the supine position. The transducer was placed in the fourth or fifth intercostal space at the left sternal border and was directed posteriorly and slightly inferolaterally to obtain simultaneous recording of the interventricular septum and the epicardium and endocardium of the posterior wall of the left ventricle at the level of the chordae just below the plane of the mitral valve. Echoes from these structures produced highly characteristic patterns of motion. The septum moved away from the transducer posteriorly during systole. The posterior wall moved anteriorly or toward the transducer with ventricular systole and showed a band of synchronously moving echoes. The sensitivity, damping and reject controls were adjusted to obtain the best echograms for measurement of the wall thickness and cavity dimension. Wall and cavity measurements were made by relying on a leading-edge method recommended by the Committee on M-mode standardization of the American Society of Echocardiography.20 Thickness of the interventricular septum (IVST) was measured from the leading edge of the right septal echo to the leading edge of the left septal echo at the peak of the R wave in the ECG. Likewise, thickness of the left ventricular posterior wall (LVPWT) was measured from the leading edge of the endocardial echo to the leading edge of the epicardial echo at the peak of the R wave in the ECG. Epicardial surface was determined by means of setting the damping control to minimize the width of the echoes.2' In figure 1, this maneuver was not shown but the epicardial surface is shown by the horizontal lines. Left ventricular end-diastolic dimension (LVDd) was measured at the peak of the R wave in the electrocardiogram, and end-systolic dimension (LVDs) at the point where the posterior wall and septum approach each other maximally. Left ventricular volume (LV volume) was calculated from the formula of Gibson, 22 and left ventricular mass (LV mass) was calculated from a formula that is a modification of the method of Bennett and Evans.23 Fractional shortening (FS) as an index of extent of myocardial contraction24 was calculated as follows:
LVDd-LVDs X 1l00(%) LVDd Ejection fraction (EF) was calculated as follows:
where EDV = end-diastolic volume and ESV = endsystolic volume. Stroke volume (SV) was calculated as EDV-ESV. Mean velocity of circumferential fiber shortening (mean Vcf) was calculated as follows:
LVDd-LVDs X ET
LVDd where ET = systolic ejection time in seconds measured from the simultaneously recorded external carotid pulse.
Aortic root and left atrial dimensions were also measured. An unpaired t test was used for all statistical analysis. Results
Chest X-ray and Electrocardiographic Studies
The cardiothoracic ratio was 0.49 + 0.04 in group An increased cardiothoracic ratio (> 0.50) was present in 29% of group 1, 35% of group 2 and 62% of group 3. In control subjects, it was present in 10% of group 1, 10% of group 2, and 13% of group 3. The calculated heart volume of the athletes was 517 ± 73 mI/m2 in group 1, 570 ± 62 ml/m2 in group 2, and 596 58 ml/m2 in group 3. A significant difference was present between groups 1 and 2 (p < 0.05) and between groups 1 and 3 (p < 0.001). There was also a significant difference between athletic groups and agematched control groups (426 ± 42 ml/m2, 452 ± 33 Ml/m2 and 454 ± 49 ml/m2, respectively; p < 0.001).
The results of ECGs in the athletes are shown in table 2. Four athletes in group 1 (29%), five athletes in group 2 (29%), and six athletes in group 3 (21%) met ECG criteria for right ventricular hypertrophy. Increased voltage of SV, + RV5 was present in all groups and tended to decrease with age.
Fourteen subjects in group 1 (100%), 12 in group 2 (70%), and 19 in group 3 (65%) met voltage criteria for left ventricular hypertrophy as reported by Sokolow and Lyon.17 ST-segment depression and T-wave inversion in the left precordial leads were found only in group 3 (7% and 14% of group 3, respectively). Abnormal ST-T changes were not found in any of the control subjects.
Echocardiographic Studies
The results of echocardiographic data are shown in table 1, and two representative left ventricular echocardiograms are shown in figure 1. The upper echocardiogram is from a 36-year-old athlete (group 2). The left ventricular end-diastolic dimension was enlarged, but thickness of both the interventricular septum and the left ventricular posterior wall was within the normal range. The lower echocardiogram is from a 48-year-old athlete (group 3). The left ventricular end-diastolic dimension was enlarged and both the interventricular septum and the left ventricular posterior wall were thickened. Mean left ventricular end-diastolic dimensions ( fig. 2 ) and mean left ventricular volumes in athletes were greater than in age-matched control groups (p < 0.001). There was no significant difference among the three athletic groups. Thickness of the interventricular septum (IVST) and the left ventricular posterior wall (LVPWT) ( fig. 3 ) in groups and 2 of the athletes was not significantly different from that in age-matched control groups, and was similar to the other previous reports in Japan.25 However, it was greater in group 3 of the athletes than in the control group and other athletic groups (p < 0.001). IVST/LVPWT ratio (table 1) in the athletes was 1.1 ± 0.1 in group 1, 1.0 ± 0.1 in group 2, and 1.1 ± 0.1 in group 3, and no athlete had a ratio higher than 1.3. Left ventricular mass was increased in all groups of the athletes compared with control groups (p < 0.001). Group 3 had a greater increase in left ventricular mass than the other athletic groups (p < 0.001). Stroke volume was increased in all athletic groups compared with control groups (p < 0.001). A 1, 0.50 ± 0.04 in group 2, and 0.51 ± 0.04 in group 3. 833 significant difference was noted between groups 2 and 192  277  149  240  153  210  242  232  182  263  213  183  182  187  207  226   34  32  34  32  37  37  31  31  30  33  31  31  36  32  33  2   33  2  NS   31  30  30  32  33  32  32  32  32  32  32  30  35  40  33  36  32  32   2   34  4  NS   33  37  28  30  30  28  26  30  30  28  29  35  31  30  31 Abbreviations: BSA = body surface area; HR = heart rate; BP = blood pressure; Ao aortic root; LA = left atrium; LVDd = left ventricular end-diastolic dimension; LVDs = left ventricular end-systolic dimension; IVST = interventricular septum thickness; LVPWT = left ventricular posterior wall thickness; LV volume = left ventricular volume; SV = stroke volume; LV mass = left ventricular mass; FS = fractional shortening; EF = ejection fraction; mean VCf = mean velocity of Circumferential fiber shortening. 3 of the athletes (p < 0.025). Left atrial dimension (table 1) was significantly increased in group 3 of the athletes compared with the control group and other athletic groups (p < 0.001). Figure 4 shows resting left ventricular function evaluated with fractional shortening, ejection fraction and mean Vcf. Fractional shortening and ejection fraction in groups 1 and 2 of the athletes were within the normal range, but were significantly depressed in group 3 of the athletes compared with the control group and other athletic groups. Mean Vcf in the athletes tended to be slightly depressed compared with control groups. However, especially in group 3 of the athletes, this value was significantly depressed compared with the control group and other athletic groups.
Discussion
Several studies concerning left ventricular hypertrophy in the well-trained athletes have been reported. Echocardiographic studies on 10 young professional 836 CIRCULATION ECHO STUDY OF BICYCLISTS/Nishimura et al. The increase in left ventricular hypertrophy in the heart of the athletes trained for isotonic exercise was associated with an increase in left ventricular volume; however, the left ventricular wall thickness remained normal. In contrast, the increased left ventricular mass in the heart of the athletes trained for isometric exercise was associated with an increase in left ventricular wall thickness, but the left ventricular volume remained normal. The reports cited above were concerned with the pattern of the hypertrophy seen in relatively young athletes. In this investigation the use of echocardiography was an attempt to evaluate the long-term effects of exercise on left ventricular hypertrophy and function in young and middle-aged athletes. Our professional bicyclists ranged in age from 20-49 years and were separated into three groups. The athletic history was in proportion to the age. In younger athletes of groups 1 and 2, echocardiograms showed mainly dilatation of left ventricular dimension with normal thickness of the left ventricular wall. The increase in diastolic filling and stroke volume may have occurred as a result of training-induced bradycardia. In middle-aged athletes of group 3, there was an increase in left ventricular wall thickness in addition to the dilatation of the left ventricular dimension. In middle-aged athletes who continued strenuous training, long-term physical exercise apparently caused the left ventricular wall to become thickened. Thus, the process of hypertrophy in bicyclists was first dilatation of the left ventricular dimension with normal thickness of the wall followed by ventricular wall thickening, after which left ventricular hypertrophy became prominent.
In an experimental study in dogs by Wyatt and Mitchell,26 training produced statistically significant increases in left ventricular end-diastolic wall thickness, estimated left ventricular mass and maximum QRS spatial magnitude; however, the enddiastolic volume was unchanged. The discrepancies between our results and previously reported results9' 10, 26 can probably be attributed to differences in the types of exercise. However, the duration of athletic history and age are indeed important factors in the pattern of hypertrophy induced by exercise. In addition, other workers'0' 27 have found that some athletes had an IVST/LVPWT ratio higher than the 1.3 ratio proposed as a criterion for asymmetrical septal hypertrophy.28 However, the pattern of hypertrophy was symmetrical in all our athletic groups.
There have been reports regarding resting left ventricular function in athletes. In the studies of Roeske et al.,10 there were no differences in the mean Vcf and ejection fraction in the young athletes compared with the controls. They concluded that the heart of the athlete has an appropriate mechanism of adaptation, which is compatible with the concept of the physiological hypertrophy of the heart.29 However, the resting left ventricular function observed in the runners by Gilbert et al.'2 was slightly lower in the trained subjects, and resting bradycardia accompanied by an increase in stroke volume is a well-recognized training adaptation in cardiac function.
There have been few reports regarding left ventricular hypertrophy and function in middle-aged athletes.30' 31 Circulatory response to maximal exercise in nine active athletes ages 45-55 years was studied by Grimby et al. 3' They reported that continuous training maintained into middle age resulted in a slight reduction of the maximal oxygen uptake with lowering of the maximal heart rate due to arteriovenous oxygen difference with age.
Fractional shortening and ejection fraction were within the range of normal in our younger athletes of groups 1 and 2. However, values were somewhat low in some athletes of group 3 with prominent left ventricular hypertrophy compared with the control group and other athletic groups. Slightly depressed mean Vcf was also seen in the athletes of group 3, but the lower heart rate itself, noted in the athletes, can also be the cause of reduction of mean Vcf.32 33 Hypertension should also be considered a factor capable of producing hypertrophy and impared left ventricular function.33' 34 35 However, in the present study, none of our athletes had hypertension. Moreover, the enlargement of the left atrium, which was not observed in other reports with reference to young athletes,'2 was noted only in the athletes of group 3.
Inverted T waves in the left precordial leads of the ECGs36 which were usually observed in subjects with depressed left ventricular function,3' was also noted in this group (14% of group 3).
These findings in trained athletes are similar to those seen in diseases related to volume overload. 37 38 In autopsied hearts with volume overload studied by Fuster et al.,38 myocardial fiber hypertrophy and a very significant increase in interstitial tissue were noted to parallel to the degree of left ventricular failure.
In summary, hypertrophy is the most important ventricular adaptation to chronic increase in work load. 39 40 Moderate hypertrophy is probably beneficial in relatively young athletes. However, middle-aged athletes who continue strenuous training for a very long period may be more susceptible to electrocardiographic abnormalities and prominent hypertrophy, and some of these athletes may have slightly depressed left ventricular function.
